, and His 312 comprise the catalytic triad. Structural and mutational analyses indicated that E25 adopts a dimerization pattern distinct from other HSLs. E25 dimer is mainly stabilized by an N-terminal loop intersection from the CAP domains and hydrogen bonds and salt bridges involving seven highly conserved hydrophilic residues from the catalytic domains. Further analysis indicated that E25 also has some catalytic profiles different from other HSLs. Dimerization is essential for E25 to exert its catalytic activity by keeping the accurate orientation of the catalytic Asp 282 within the catalytic triad. Our results reveal the structural basis for dimerization and catalysis of an esterase from the GTSAG motif subfamily of the HSL family.
Lipolytic enzymes, including esterases and lipases, have been widely used in food, pharmaceutical, and fine chemical industries (1, 2) . Esterases prefer short to medium chains of monoesters, whereas lipases hydrolyze water-insoluble long-chain triglycerides (3) . Based on amino acid similarities and the presence of different conserved motifs, lipolytic enzymes are classified into four blocks: C, H, L, and X (4). Hormone-sensitive lipases (HSLs) 2 are affiliated with block H. HSLs exist widely in microorganisms, plants, and animals. Most microbial HSLs are esterases. Arpigny and Jaeger (5) classified microbial lipolytic enzymes into eight families, families I-VIII, and microbial HSLs belong to family IV.
Recently, microbial HSLs were classified into two subfamilies, an unnamed new subfamily and the GDSAG motif subfamily, based on different conserved motifs (6) . Although most microbial HSLs so far described are from the GDSAG motif subfamily, only several of the esterases of the new subfamily have been reported (6) . To date, various structures from 21 GDSAG motif subfamily enzymes have been resolved. Structural analysis reveals that microbial HSL esterases consist of two domains, a CAP domain and a catalytic domain (7) (8) (9) . The CAP domain is comprised mainly of two N-terminal ␣-helices and participates in substrate binding. The CAP domain of EST2 has been shown to play an important role in maintaining enzyme activity, stability, and specificity (10) . The catalytic domain possesses the classic ␣/␤ hydrolase fold, with a central, eight-stranded, mixed parallel ␤-sheet surrounded by several ␣-helices (11) . The catalytic domain contains a catalytic triad formed by Ser, Asp/Glu, and His. The key nucleophile Ser typically appears in a conserved GDSAG motif, which forms a sharp elbow in the center of the catalytic domain (12, 13) .
Many HSL esterases from the GDSAG motif subfamily are capable of forming dimers or larger oligomers (7-9, 14, 15) . Structural analyses of these HSL oligomers reveal that multiple hydrogen bonds and hydrophobic interactions involving the central ␤-sheet in the catalytic domain contribute to their dimerization, without the involvement of the CAP domain (8, 9, 14) . The recently resolved structure of Aes, a HSL esterase from Escherichia coli, implies that the two ␣-helices within the catalytic domain are critical for its dimerization (16) . For reported HSLs, oligomerization is supposed not to be essential for their catalytic activities, because both the substrate binding pocket and the active site are far from the contact area (8, 9, 14) . Dimeric EstE1 become monomeric by mutating only one residue, and the resulting mutant is still active, although with considerable reduction in thermostability (8) . As dimerization often contributes to enzyme stabilization (17, 18) , HSL enzymes that are capable of forming dimers or larger oligomers are usually thermostable (14, 19) , making them qualified for biotechnological and industrial applications.
In 2012, Jeon et al. (6) reported three HSL esterases, EstKT4, EstKT7, and EstKT9. Sequence analysis showed that these esterases have a catalytic triad formed by Ser, Asp, and His, and the conserved GT(S)SA(G)G motif encompassing the catalytic Ser residue is different from the corresponding motif conserved in the GDSAG motif subfamily. These esterases also form a distinct branch in the phylogenetic tree of microbial HSL enzymes. Based on these sequence characteristics, Jeon et al. (6) classified these esterases into a new subfamily of the HSL family. Although EstKT4, EstKT7, and EstKT9 have been biochemically characterized as mesophilic (optimum temperatures at 35-45°C), salt-tolerant, and slightly alkaline (optimum pHs at 8.0 -8.5) esterases, it is still unclear whether the esterases from the new subfamily are capable of forming dimers. Also, the detailed catalytic mechanism of enzymes from the new subfamily is not as yet clarified due to the lack of structural information.
In this study, based on massive sequence alignment, we propose to name the new subfamily as the GTSAG motif subfamily. We previously constructed a metagenomic library containing 10,652 fosmid clones from the surface sediment sample E505 from the South China Sea (20) . Here, we isolated the novel HSL esterase E25 belonging to the GTSAG motif subfamily from the metagenomic library. We biochemically characterized this enzyme, and resolved its crystal structure. Structural and functional analyses reveal that E25 adopts a dimerization pattern distinctive from known HSL enzymes, and that dimerization is essential for its catalytic function. Our results reveal the structural basis for dimerization and catalysis of an esterase from the GTSAG motif subfamily of the HSL family.
EXPERIMENTAL PROCEDURES

Screening and Sequence Analysis of Lipolytic Enzymes from a
Metagenomic Library-A metagenomic library containing 10,652 fosmid clones was previously constructed from surface sediment sample E505 from the South China Sea (20) . Fosmid clones showing lipolytic activity were identified on tributyrin agar plates. Fosmid DNA was extracted from positive clones and partially digested by the restriction enzyme Sau3AI. DNA fragments of 1.5 to 5 kb were isolated, end-repaired, and ligated with pUC19 pretreated by BamHI and bacterial alkaline phosphatase. The ligated DNAs were introduced into E. coli TOP10 cells, which were then plated onto LB agar plates containing 100 g/ml of ampicillin and 1% (v/v) tributyrin. After incubation at 37°C for 20 h, transformants exhibiting a clear halo were selected and sequenced. Open reading frames (ORFs) in the sequence were predicted by the GeneMark program. The genes encoding lipolytic enzymes were predicted by BLASTX against the NCBI non-redundant protein database (nr). Multiple sequence alignment was carried out using MUSCLE (21) . Phylogenetic analysis was performed using the MEGA 4.0 (22) . SignalP 4.0 (23) was used to identify the potential signal peptide sequence.
Gene Cloning, Mutation, Protein Expression, and PurificationThe encoding sequence of E25 was amplified from fosmid DNA and cloned into expression vector pET-28a. All of the site-directed mutations and the truncated mutations in E25 were introduced using PCR-based methods and verified by DNA sequencing. The wild-type E25 protein and all mutants were expressed in E. coli BL21(DE3) cells and their expression was induced by the addition of 1 mM isopropyl ␤-D-thiogalactopyranoside at 20°C for 20 h. Cells were collected and disrupted by sonication in 50 mM Tris-HCl buffer (pH 8.0). The resulting extract was first purified by nickel-nitrilotriacetic acid resin (Qiagen) and then by ion-exchange chromatography on a Source 15Q column (GE Healthcare, Sweden) with a linear gradient of 0 to 0.6 M NaCl. The eluted enzyme fractions were further purified by gel filtration chromatography on a Superdex-200 column (GE Healthcare) with 10 mM Tris-HCl buffer (pH 8.0) containing 100 mM NaCl. The Superdex-200 column was calibrated in the same buffer with protein size markers, ovalbumin (43 kDa) and conalbumin (75 kDa) from GE Healthcare.
Biochemical Characterization-The standard reaction system for E25 activity determination contained 50 mM Tris-HCl buffer (pH 8.0), 0.02 ml of 10 mM p-nitrophenyl (pNP) butyrate, and 0.02 ml of enzyme in a final volume of 1 ml. After incubation at 50°C for 5 min, the reaction was terminated by addition of 0.1 ml of 20% (w/v) SDS, and then absorbance of the reaction mixture at 405 nm was measured. One unit of enzyme (U) is defined as the amount of enzyme required to liberate 1 mol of pNP per min. Substrate specificity assays were performed with the following pNP derivatives: pNP acetate (pNPC2), pNP butyrate (pNPC4), pNP caproate (pNPC6), pNP caprylate (pNPC8), pNP decanoate (pNPC10), pNP laurate (pNPC12), pNP myristate (pNPC14), and pNP palmitate (pNPC16) (Sigma). The optimum temperature for E25 activity was determined ranging from 0 to 80°C at pH 8.0. For the thermal stability assay, the enzyme was preincubated at temperatures ranging from 0 to 70°C for 1 h, and the residual activity was measured at 50°C. The optimum pH for E25 activity was determined ranging from pH 4 to 12 with Britton-Robinson buffer at 50°C. For the pH stability assay, the enzyme was preincubated in buffers with pH values ranging from 4 to 12 at 20°C for 1 h, and then the residual activity was measured at pH 8.0 and 50°C. The effect of NaCl on E25 activity was determined at NaCl concentrations ranging from 0 to 4.8 M. The effects of metal ions and potential inhibitors on E25 activity were determined by addition of various chemical agents to the reaction mixture.
Enzyme kinetic assays were carried out using pNPC4 at concentrations from 0.2 to 5.0 mM. Kinetic parameters were calculated by non-linear regression fit directly to the MichaelisMenten equation using the Origin8 software. The overall secondary structures of wild-type E25 and its mutants were investigated using a J-810 circular dichroism (CD) spectropolarimeter (JASCO, Japan) at 25°C. CD spectra were collected from 200 to 250 nm at a scanning rate of 200 nm/min with a path length of 0.1 cm. All proteins for CD spectroscopy assays were at a concentration of 8 M in 50 mM Tris-HCl buffer (pH 8.0).
Crystallization, Data Collection, and Structure Determination-Native and SeMet-E25 for crystallization were diluted to 3.0 mg/ml in 10 mM Tris-HCl (pH 8.0) containing 100 mM NaCl, respectively. Crystals suitable for x-ray diffraction were obtained after 2 weeks, using the hanging-drop vapor diffusion method at 20°C. E25 crystals grew in buffer containing 0.2 M NaAC⅐3H 2 O, 0.1 M sodium cacodylate trihydrate (pH 6.5), and 17% (w/v) PEG 8,000. SeMet-E25 crystals grew in buffer containing 0.2 M NaAC⅐3H 2 O (pH 7.8) and 28% (w/v) PEG 3,350. X-ray diffraction data were collected on the BL17U1 beamline at Shanghai Synchrotron Radiation Facility using Area Detector Systems Corporation Quantum 315r. The initial diffraction data sets were processed by the HKL2000 program (24) . The E25 crystal belongs to the P3 1 space group. The E25 structure was determined by molecular replacement using SeMet-E25 as the starting model. Refinement of the E25 structure was performed using Coot (25) and Phenix (26) . All structure figures were generated using PyMOL. The protein interactions, surfaces, and assemblies (PISA) server (27) was used to deduce the dimerization interface of E25.
Accession Code-The nucleotide sequence encoding E25 has been deposited in the GenBank TM database with accession number KJ624992. The structure of E25 has been deposited in the Protein Data Bank (PDB) with accession number 4Q05.
RESULTS AND DISCUSSION
Screening and Sequence Analysis of Lipolytic Enzyme E25
from a Metagenomic Library-Seven clones showing lipolytic activities were screened from the E505 fosmid library. Five different genes encoding lipolytic enzymes were identified from these fosmids by construction of subcloning libraries and subsequent sequencing. Sequence analysis indicated that one of the identified genes belongs to the HSL family, which was named E25. E25 is 1,023 bp in length, encoding a protein with 340 amino acid residues. Sequence analysis using the SignalP 4.0 program suggested that E25 might lack an N-terminal signal peptide sequence. Phylogenetic analysis showed that E25 belongs to the unnamed new subfamily of the HSL family ( Fig.  1 ). Sequence analysis suggested that E25 has a catalytic triad formed by Ser 186 , Asp 282 , and His 312 (Fig. 2) . The catalytic Ser 186 is located in the conserved GT(S)SA(G)G motif. Analysis of 100 protein sequences from this new subfamily revealed that, among the pentapeptide motifs containing the catalytic Ser in these sequences, GTSAG is the highest hit (Table 1) . Based on this, we propose to name the new subfamily (6) within the HSL family as the GTSAG motif subfamily, in correspondence with the GDSAG motif subfamily. We thereafter use the GTSAG motif subfamily to refer to the new subfamily in the text. Except for the reported GT(S)SA(G)G motif, we found that enzymes of the GTSAG motif subfamily also contain other conserved residues and regions, such as DYR/AXPP, PAA/GXXD, GTPXXD, and GTRDXXLS motifs (Fig. 2) , which may play important roles in maintaining the function of these enzymes. The catalytic Asp 282 of E25 is located in the conserved GTRDXXLS motif.
Expression and Characterization of Esterase E25-E25 was over-expressed in E. coli BL21(DE3) and purified. Recombinant E25 efficiently hydrolyzed short-chain pNP-esters (C2-C10) with the highest activity toward pNPC4 (9.99 units/mg), but had little activity toward pNP-esters with acyl chain lengths of Ͼ10 carbon atoms (Fig. 3A) , indicating that E25 is an esterase. The optimal temperature for E25 activity was 50°C. E25 retained 93% activity after 1 h incubation at 50°C (Fig. 3B) . E25 had the highest activity at pH 8.5 (Fig. 3C ) and showed good tolerance over a wide pH range, retaining over 76% activity at pH 5-10. The E25 activity did not decrease in 3.5 M NaCl, indicating that E25 has good salt tolerance (Fig. 3D) . Therefore, E25 is mesophilic, salt tolerant, and slightly alkaline for its activity, consistent with the three reported enzymes from the GTSAG motif subfamily (6) .
The effect of various metal ions and chemicals on E25 activity was also investigated ( , or Mg 2ϩ had no significant effect on E25 activity. E25 was significantly inhibited by PMSF, indicating that E25 is a serine hydrolase. E25 activity was not affected by EDTA, suggesting that E25 may not require metal ions for catalysis.
Overall Structural Analysis of Esterase E25-A similarity search using BLASTP against PDB database revealed that, the closest homolog to E25 is a lipolytic enzyme (PDB 3V9A) from the GDSAG motif subfamily of the HSL family, with a sequence identity of only 29%, covering 75% of the E25 sequence. This indicates that no structure in the database can be used as a suitable model for E25 structure construction. Therefore, we resolved the structures of both native and SeMet-E25. The structure of native E25 was resolved at 2.05-Å resolution (Fig.  4A ) by molecular replacement using the SeMet-E25 at 3.0-Å resolution as the starting model. The statistics for refinement are summarized in Table 3 . The crystal of E25 belongs to the P3 1 space group with one dimer per asymmetric unit. The N-terminal 13 residues (Met 1 -Gln 13 ) lack electron density. Structural analysis revealed that E25 is a homodimer, consistent with the result of gel filtration (Fig. 4B) . The overall structure of the E25 monomer is similar to those of resolved HSL esterases, containing a CAP domain and a catalytic domain (Fig. 4C) . The E25 monomer structure shows a root mean square deviation of 1.735 Å (for 226 C␣ positions) to the closest structure 3V9A.
The N-terminal CAP domain (Glu 14 -Ser 83 ) of E25 is composed of four ␣-helices and four loops, which is much longer than that of the GDSAG motif subfamily enzymes (ϳ50 residues). The CAP domain of E25 shares homology with only four proteins from the GTSAG motif subfamily, including the mesophilic lipolytic enzyme FLS1 from an uncultured bacterium Dimerization and Catalysis of a Novel HSL Esterase JULY 4, 2014 • VOLUME 289 • NUMBER 27 (69%, ACL67837) (28), the uncharacterized lipolytic enzyme from a metagenomic library (42%, ACB11219), and esterases EstKT7 (38%, ADH59414) and EstKT4 (32%, ADH59412) (6 , and other ambient residues. Unlike the CAP domain, the catalytic domain of E25 has extensive homology (38 -84%) with other HSL enzymes, especially to the enzymes of the GTSAG motif subfamily.
Esterase E25 Adopts a New Pattern of Dimerization-HSL enzymes including BFAE (PDB 1JKM) (13), Cest-2923 (PDB 4BZW) (9), Est25 (PDB 4J7A) (29), EstE1 (PDB 2C7B) (8), HerE (PDB 1LZL) (7), PestE (PDB 3ZWQ) (14) , Sto-Est (PDB 3AIK) (30) and so on have been identified as dimers or larger oligomers in both solution and the crystals. These oligomers are stabilized mainly by hydrogen bonds and hydrophobic interactions formed between two antiparallel ␤8 from the catalytic domains of the interactive monomers, without the involvement of the CAP domains (8, 9, 14) . However, for E25, both the CAP domain and the catalytic domain may be involved in dimer formation based on its structure.
Structural analysis revealed that the E25 dimer has a long loop intersection at its N-terminal region, which is absent from other HSL oligomers (Fig. 5A) . The two intersecting loops are, respectively, from the N terminus (Glu 14 -Gly 29 ) of the CAP domains in E25 dimer. Hydrogen bonds are formed between these intersecting loops, playing a key role in stabilizing E25 FIGURE 2. Multiple sequence alignment of E25 and its homologs. Identical and similar amino acids are shaded in black and gray, respectively. Circles indicate amino acid residues belonging to the catalytic triad, the square indicates residues involved in the oxyanion hole, stars indicate hydrophilic residues from the catalytic domain involved in E25 dimerization, and triangles indicate conserved hydrophobic residues within the dimerization interface between the catalytic domains of the E25 dimer.
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dimer (Fig. 5B) . The hydrophobic residues, Ile 19 , Pro (21, 25, 27) , and Leu 24 , in these two N-terminal loops also form hydrophobic interactions to stabilize the E25 dimer. Moreover, PISA analysis suggested that residues Thr 41 and Thr 43 , located in the loop between ␣1 and ␣2 of the CAP domain, are also involved in E25 dimerization (Fig. 5B) . Then N-terminal truncation mutants ⌬29 without N-terminal residues 1-29 (the intersecting loop) and ⌬44 without N-terminal residues 1-44 were generated. Both mutants were inactive, but could form dimers in solution (Fig. 5C ). This result indicated that, besides the CAP domain, the catalytic domain also contributes to E25 dimerization.
The oligomers of reported HSL enzymes are stabilized mainly by hydrogen bonds and hydrophobic interactions between two antiparallel ␤8 from the catalytic domains (8, 9, 14). However, in the E25 dimer, the two ␤8 strands are not antiparallel, but rotate ϳ280°. PISA analysis indicated that the E25 dimer is mainly stabilized by hydrogen bonds and salt bridges formed by hydrophilic residues in the loops or ␣-helices from the interactive catalytic domains, including Asp 224 (␣9), Thr 280 (the loop between ␤7 and ␣11), Arg 281 (the loop between ␤7 and ␣11), Ser 286 (␣11), Arg 296 (␣11), Glu 308 (the loop between ␤8 and ␣12), and Glu 330 (␣12) (Fig. 5D) . Compared with other HSL oligomers, E25 has the largest hydrophilic interface, harboring 35 hydrogen bonds and 16 salt bridges (Table 4 ) 33.50
a Numbers in parentheses refer to data in the highest resolution shell.
Dimerization and Catalysis of a Novel HSL Esterase JULY 4, 2014 • VOLUME 289 • NUMBER 27 a Of all the HSL structures, E25 is from the GTSAG motif subfamily, and the others all from the GDSAG motif subfamily. Reported values correspond to the A/AЈ dimers of HerE, EstE1, and Cest-2923, B/BЈ dimer of EstE7, A/D dimers of Sto-Est and Est25, and A/B dimers for other HSL oligomers. b BSA, the percentage of buried surface area in the total surface area based on PISA analysis. c HB, hydrogen bond. d SB, salt bridge; Ϫ, no salt bridges detected.
In addition, a weak interaction is also found between the CAP domain from one monomer and the catalytic domain from the other monomer, involving Arg 22 in one monomer and Ile 228 or Asp 230 in the other monomer. Taken together, the E25 dimer adopts a new pattern of dimerization involving both the CAP domain and the catalytic domain, different from other reported HSL enzymes. (8, 9, 14) . In these oligomers, both the substrate binding pocket and the active site are far away from the contact area, as shown in Fig.  5A . However, in the E25 dimer, the catalytic triad is adjacent to the interface, especially the catalytic residue Asp 282 (Figs. 5A and 6A), which suggests that dimerization might be important for E25 activity. Immediately upstream of Asp
Dimerization Is Essential for the Catalytic Function of
Esterase E25-For reported HSL oligomers, oligomerization is supposed not to be essential for their catalytic activities
282
, residues Arg 281 and Thr 280 from monomer A form hydrogen bonds and salt bridges with Asp 224 from monomer B to maintain the E25 dimer structure (Fig. 6A) . Mutating Asp 224 to Ala or similar residues, Asn/Ser, resulted in soluble but inactive mutants (Fig.  6B) . We also mutated the other residues in the catalytic domain involved in formation of the E25 dimer to Ala (Fig. 6B) than Asp 330 , and therefore, it might be more important for maintaining E25 activity than Asp 330 . In addition, the mutations in the CAP domain involved in E25 dimer formation, including ⌬29, ⌬44, and R22A, all resulted in inactive mutants, indicating that the CAP interaction is also necessary for E25 activity. Our results also showed that these mutants were still in the form of dimers or larger oligomers in solution although they lost all or part of the activity. CD spectroscopy analysis showed that the secondary structures of the mutants exhibited little deviation from that of wild-type E25 (Fig. 6C) , indicating that the decrease in enzymatic activity of the mutants resulted from residue replacement or deletion rather than structural changes. Therefore, these mutational results indicated that the whole dimerization interface is essential for E25 catalysis.
Structural analysis of the E25 dimer revealed that the substrate binding pocket is far away from the dimerization interface, implying that the interface may have little impact on substrate binding (Figs. 5A and 6A ). To verify this hypothesis, kinetic parameters of wild-type E25, R296A and E330A mutants were compared ( Table 5 ). The K m values of R296A and E330A were similar to that of wild-type E25, indicating that these mutations had little effect on substrate binding of E25. In contrast, the k cat value was reduced by 82% for R296A, and 27% for E330A, comparable with the reduction in their specific activities (Table 5) . Therefore, mutational analysis in combination with enzyme kinetic analysis indicated that dimerization is essential for E25 function, mainly influencing its catalysis, rather than its substrate binding. . B, enzymatic activities of the mutants of E25. The activity of wild-type E25 was defined as 100%. C, CD spectra of wild-type E25 and its mutants. It has been demonstrated in esterase Ape1a that mutation on the catalytic Asp reduced the catalytic efficiency without impact on substrate binding, whereas mutation on its catalytic Ser/His resulted in reduction in both substrate binding and catalytic efficiency (31) . For E25, R296A and E330A mutations reduced the catalytic efficiency but had little impact on substrate binding, which suggests that these mutations may disturb the catalytic Asp 282 . In the E25 dimer, because Asp 282 is adjacent to the dimerization interface (Figs. 5A and 6A) , the interface may have significant impact on the accurate orientation of the catalytic Asp 282 in the active site. E25 has a much larger hydrogen bond distance from His 312 -N␦1 to Asp 282 -O␦1 (3.7 Å) compared with other HSL enzymes (Ͻ3 Å) (7-9, 16, 32) . Thus, any damage to the dimerization interface of E25 probably makes Asp 282 likely to escape from His 312 , which will cause partial or complete disruption of the interaction between Asp 282 and His 312 , and therefore, lead to part or all activity loss of E25. Our mutational results support this hypothesis. Besides R296A and E330A, other mutations that are able to disturb the dimerization interface of E25 also could inactivate the enzyme (Fig. 6B) . Thus, based on these results, we propose a model for the catalytic mechanism of E25 dimer. The dimerization interface ensures Asp 282 in an appropriate distance from His 312 and an effective interaction between these two residues, which facilitates proton transfer from the catalytic Ser 186 to His 312 , and therefore enhances the nucleophilicity of Ser 186 to attack the carbonyl carbon of the susceptible ester (Fig. 7) .
In some HSL enzymes from the GDSAG motif subfamily, the catalytic residue Asp is replaced by Glu (15, 33) . However, sequence analysis suggests that enzymes with the catalytic Asp replaced by Glu are quite less in the GTSAG motif family, only one sequence (WP_010127891) in the first 100 hits to E25 in NCBI nr database (Table 1) , which is predicted from the genome sequence of Sphingomonas sp. KC8 with no functional study. In addition, mutation of the catalytic Asp 282 to Glu in E25 abolished the enzyme activity completely (Fig. 6B) . This mutation may result in complete disruption of the interaction between the catalytic residues, Glu 282 and His 312 , thereby leading to the inactivation of E25. These results indicate that the catalytic Asp may be strictly conserved in the GTSAG motif subfamily.
The E25 Dimerization Pattern May Be Common in the GTSAG Motif Subfamily of the HSL Family-Although the CAP domains of enzymes from the GTSAG motif subfamily show low similarity in sequence, nearly all E25 homologs have a long N-terminal sequence like E25 (Fig. 2 (Fig. 2 and Table 1 ). This suggests that other members of the GTSAG motif subfamily probably form a similar interface between the catalytic domains of two monomers as E25. Taken together, these common structural characteristics imply that enzymes of the GTSAG motif subfamily may form oligomers with a similar dimerization pattern as E25.
Conclusions-We identified a novel esterase E25 from a marine metagenomic library, which belongs to the GTSAG motif subfamily of the HSL family. Biochemical characterization showed that E25 is mesophilic, salt-tolerant, and slightly alkaline for its activity, and can effectively hydrolyze shortchain monoesters (C2-C10). E25 forms dimers both in the crystal and in solution. An E25 monomer contains an N-terminal CAP domain, and a classical ␣/␤ hydrolase-fold domain, and residues Ser 186 , Asp 282 , and His 312 comprise the catalytic triad. Structural and mutational analyses indicated that E25 adopts a dimerization pattern distinct from other HSL oligomers, which involves both the CAP domain and the catalytic domain. Different from other HSL enzymes, dimerization is essential for E25 to exert its catalytic function, by keeping the accurate orientation of the catalytic Asp 282 in the active site. Because most of the residues involved in E25 dimer formation are conserved in the members of the GTSAG motif subfamily, the E25 dimerization pattern may be common in this subfamily of the HSL family. Our results first reveal the structural basis for 
